Children who come into the care of a child-care system often do so because of unfavorable circumstances, such as parental alcohol and/or drug problems, child abuse and/or neglect, child abandonment, and young maternal age. Such circumstances are likely to increase the odds that a child was exposed to alcohol in utero. 1, 2 Children and youth in the care of various child-care settings (eg, orphanage, foster care, boarding school, adoption center, or child welfare system) represent a unique population with disproportionately increased rates of developmental disabilities, congenital malformations, and mental health diagnoses. [3] [4] [5] [6] [7] In addition, children in care have an increased prevalence of social maladjustment 8 and greater difficulty forming secure attachment relationships than do home-reared infants. 9 Internationally adopted children experience high levels of deprivation before adoption. They tend to be undernourished, receive poor medical care, receive little attention, and lack quality interactions. 10 Maternal alcohol abuse has been identified as a main reason for leaving a child in an orphanage. 11 Thus, the risk of fetal alcohol spectrum disorders (FASD) in this population is likely to be high. FASD is the nondiagnostic umbrella term used to characterize the full range of damage caused by prenatal alcohol exposure, varying from mild to severe, and encompassing a broad array of physical defects and cognitive, behavioral, emotional, and adaptive functioning deficits. FASD includes the following 4 diagnoses: fetal alcohol syndrome (FAS), partial FAS (pFAS), alcoholrelated neurodevelopmental disorder (ARND), and alcohol-related birth defects (ARBD), all of which may include congenital anomalies, such as malformations and dysplasia of the cardiac, skeletal, renal, ocular, auditory, and other systems.
The severity of FASD and its associated disability is a significant and direct predictor of removing children from their birth home and placing them in foster care. For example, Kvigne et al 12 compared the outcomes of children with full-blown FAS and pFAS with those without FAS. Among their sample of Northern Plains American Indian children, children with full-blown FAS 13 were 64 times more likely to be removed from their homes and children with pFAS were 14 times more likely compared with children without FAS. Furthermore, children with full-blown FAS were 28 times more likely to be placed in foster care and 13.5 times more likely to be placed with their relatives, and children with pFAS were 5 times more likely to be placed in foster care and twice as likely to be placed with relatives compared with children without FAS.
Further attesting to the likely overrepresentation of FASD in the various child-care systems, Elgen et al 14 reported that 21.3% of their Norwegian cohort with FASD, 15 referred by pediatric and clinical psychiatry departments, had been adopted, and 66% were in foster care. A Canadian study conducted by Habbick et al 16 reported that 8.7% of children with FAS 13, 17 were in temporary foster care, 23.2% were in permanent foster care, 18.4% were adopted, and 6.3% were residing in a long-term residential placement.
In addition, it appears that the prevalence of FASD in child-care settings, as well as in general, is a self-perpetuating problem; that is to say, women with FASD are likely to drink while pregnant, give birth to a child with FASD, and do not generally maintain custody of their children. In a sample of 415 patients with FASD, 30 females gave birth to a child; of these, 57% no longer had the child in their care, 40% were drinking during pregnancy, 17% had children diagnosed with FASD, and an additional 13% had children who were suspected of having FASD. 18 It is clear that children and youth in care represent a significant population with special needs, [3] [4] [5] [6] [7] [8] [9] and a better understanding of their deficits and impairments is needed to target interventions and provide appropriate services.
As seen from the individual studies in the literature, the prevalence of FASD in various child-care systems is high; however, a systematic overview of the available literature on the prevalence of FASD in existing child-care systems was absent. Therefore, the objectives of the current study were as follows: (1) to perform a comprehensive literature review of studies reporting the prevalence of FAS and FASD in various childcare systems using world literature, (2) to perform a meta-analysis to estimate a pooled prevalence for FAS and FASD as measured by studies using an active case ascertainment (ACA) method (generally considered the most accurate method of measuring the prevalence of FAS and FASD), 19, 20 and (3) to perform a meta-analysis to estimate a pooled prevalence for FAS and FASD as measured by studies using other methods of ascertainment.
METHODS
The systematic literature review and meta-analysis were conducted and reported according to the standards set out in Preferred Reporting Items for Systematic Reviews and MetaAnalyses 21 (PRISMA; http://www.prismastatement.org).
Search Strategy and Study Selection
A systematic literature search was performed to identify published and unpublished studies that have estimated the prevalence of FAS and/or FASD in various child-care settings. The search included articles in scholarly peer-reviewed journals, conference proceedings, publicly available unpublished research, government reports, and books. The search was conducted by using multiple combinations of the following key words: FASD, FAS, pFAS, ARND, ARBD, fetal alcohol effects, prenatal alcohol exposure, prevalence, incidence, occurrence, frequency, orphanage(s), orphans, foster care, foster homes, group homes, adoptees, adopted children, youth, adoption(s), boarding school(s), (residential) institution(s), residential treatment centers, institutionalized, institutional care, group homes, charity homes, social services, child welfare (system), child-care (systems), baby houses, boarding schools, and children in care.
In addition, manual reviews of the content pages of the major epidemiologic journals and of citations in the relevant articles were conducted. The search was not limited geographically or by language of publication and was conducted up to the end of June 2012.
Inclusion Criteria
Articles were retained if they met the following inclusion criteria: (1) consisted of original, quantitative research published in a peer-reviewed journal or unpublished scholarly report; (2) involved a measurement of either FAS or FASD; (3) assessed the prevalence of FAS and/or FASD among children in a child-care setting using an ACA method, passive surveillance, or both; and (4) provided a measure of uncertainty for the prevalence of FAS and/ or FASD or provided a count of individuals who were identified as having FAS and/or FASD.
Quality Criteria
The minimum quality criteria for inclusion of studies were as follows: (1) cases of FAS and/or FASD were diagnosed and/or documented and (2) the method of surveillance was clearly stated.
Challenges of "Measuring" FAS and FASD
Since the first description of FAS by Jones and Smith 22 25 ; and the Canadian guidelines for diagnosis. 26 Other diagnostic guidelines that have been used in the past include those published by Sokol and Clarren, 13 the criteria of the FASD Study Group of the Research Society on Alcoholism, 17 and those of Smith's Recognizable Patterns of Human Malformations 27 ; however, such guidelines are not considered sufficiently specific to ensure diagnostic accuracy. 28 The FAS Screen 29 has also been used to identify individuals with FAS; however, this is a screening tool and should not be used in replacement of a diagnostic system.
Although the criteria for FASD diagnoses have been described thoroughly in the foregoing guidelines, the diagnosis of FASD is challenging, and the specific assessment techniques used to make the definitive diagnosis are still debated, especially for ARND. 30 In addition, the various existing methods of surveillance can produce an apparent discrepancy in the prevalence estimates obtained, with each approach yielding different data sets with its own implications and limitations. 19 The 3 main approaches to studying the prevalence of FASD are (1) passive surveillance, (2) clinic-based studies, and (3) ACA. Passive surveillance is the use of existing record collections (eg, birth certificates, special registries, medical charts, adoption records) in a particular geographic catchment area to look for documented or probable cases of FASD. Clinic-based studies are prospectively conducted in prenatal clinics or hospitals. At-risk newborns are identified by screening the biological mothers and are examined and diagnosed if they are shown to have FASD. ACA is an approach in which researchers actively seek, find, and recruit children who may have FASD within a given population. Once identified as possible cases, clinical specialists examine these cases and assess the children for a final diagnosis of FASD. There are also mixedmethod approaches, which use 2 of these 3 approaches (usually ACA and passive surveillance). The epidemiologic surveillance methods tend to provide different prevalence estimates. ACA has been demonstrated to produce the highest prevalence estimates. 19, 20 Furthermore, the measurement of alcohol consumption during pregnancy is difficult and is typically based on maternal self-report; therefore, findings, by nature, may be imprecise due to recall and social desirability biases.
Data Extraction
One member of the study team independently extracted the data from the available articles, and a second investigator checked table entries for accuracy against the original articles. All discrepancies were reconciled by team discussion. Data were extracted for the country in which the study took place (as well as for provinces, territories or states, if data were available), year(s) the study took place, the total number of study participants, the age range of the study participants, the gender of the participants (reported as percentage of male participants), the number of FAS cases, the number of FASD cases (inclusive of the 4 FASD diagnoses [FAS, pFAS, ARND, and ARBD]), the prevalence of FAS and/or FASD in the sample population and a measure of uncertainty for this prevalence, the method of case ascertainment used (ie, ACA method and/or passive surveillance), and the percentage of cases of FAS and/or FASD with documented prenatal alcohol exposure.
Meta-analysis
The meta-analysis aimed to combine prevalence estimates, and because meta-analyses methods assume that data are normal distributed, a double arcsine transformation was applied to the prevalence data so that the data followed a normal distribution. 31 The double arcsine-transformed prevalence estimates were weighted by the inverse variance of the double arcsinetransformed prevalence. The pooled prevalence estimates were calculated separately for each method of surveillance used, as well as for all methods of surveillance combined, using the Mantel-Haenszel method, assuming a random effects model. 32 Heterogeneity between studies was assessed using the Cochrane Q test and the I 2 statistic. 33, 34 Results of the metaanalysis were displayed using a Forest plot.
Publication bias (the possibility that studies that measured the prevalence of FAS and/or FASD were not published because their results differed greatly from previous estimations) was tested by visually inspecting a funnel plot for a skewed distribution. Publication bias in studies measuring FAS and/or FASD was deemed by the authors to be unlikely because an observed prevalence of FAS and/or FASD that was substantially different than had previously been estimated would likely be published. The funnel plots presented are scatter plots of the double arcsinetransformed prevalence estimates from individual studies plotted against the SE of the double arcsine-transformed prevalence estimates. The larger, most powerful studies that provided the most precise transformed prevalence estimates are plotted at the top of the funnel plot, and the smaller, less powerful studies that provided the least precise transformed prevalence estimates are plotted at the bottom. If random effects are not present, the spread of the estimates narrows as the studies become more powerful (ie, the transformed prevalence estimates have a narrower spread for the more powerful studies compared with the studies with the least power). Thus, under the central limit theorem, in the absence of unequal bias, and between study heterogeneity, the funnel plot will resemble a symmetrical inverted funnel centered on the summary estimate (with the sides of the triangle defined by extending the SE multiplied by 1.96). Additionally, 95% of the study estimates should fall within the pseudo 95% confidence intervals (CI) if heterogeneity across studies is large (the study estimates are assumed to have a fixed effect). See the Discussion for additional explanations of why study estimates (when plotted in a funnel plot) may not form a funnel shape. Publication bias was also assessed using a ranked correlation test, 35 and by using a weighted regression test. 36 The trim and fill method was then used to adjust for potential publication bias. 37 Furthermore, the stability of the results and the influence of studies were tested using a leave-one-study-out sensitivity analysis. 38 All analyses were performed using Stata version 11.0. 39 
RESULTS

Characteristics of the Included Studies
Initially, the electronic searches yielded 534 publications regarding the prevalence of FAS and/or FASD in various childcare settings; 251 duplicate articles were removed. Seventeen additional articles were identified through manual review of the content pages of the major epidemiologic journals and of citations in the relevant articles, and 300 articles were screened using titles and abstracts. Sixty-nine full-text articles were retrieved for additional consideration. Thirty-four articles (representing 33 studies) contained relevant data and were selected for data extraction. A schematic diagram of the search strategy is depicted in Fig 1. Data on the prevalence of FAS and/or FASD in child-care systems were available from only 8 countries, as follows: Brazil (1 study 40 ), Chile (2 studies 41, 42 ) Canada (3 studies 4, 43, 44 ), Israel (1 study 45 ), Russia (10 studies 11,46-55 ), Spain (1 study 56 ), Sweden (3 studies [57] [58] [59] ), and the United States (USA; 11 studies [60] [61] [62] [63] [64] [65] [66] [67] [68] [69] [70] ). One study reported on the prevalence of FAS among preadoption children from Eastern Europe (Romania, Ukraine, Moldova). 71 Twenty-seven articles were published in English, 4 articles were published in Russian, and 3 articles were published in Spanish.
In the identified studies, the prevalence of FAS and/or FASD was reported for the following 6 major settings: boarding schools, child welfare agencies, foster care, homes for children with mental deficiencies, orphanages, and mixedcare setting. A boarding school is a school in which some or all students study and live during the school year; children in boarding schools remain in the custody of their parents. Child welfare agencies, foster care, and adoption agencies all fall under child protection services, a set of usually government-run services designed to protect children and young people who are underage. An orphanage can be defined as a public institution created to provide care and protection for children without parents. Fourteen studies reported the prevalence of FAS and/or FASD among adoptees, and the 19 remaining studies reported the prevalence of FAS and/or FASD among preadoptees.
Of the 33 studies analyzed, 27 reported the age of the children and youth included in their study. The overall age range was 0 to 20 years. Twenty-three of the studies reported the gender distribution of the children and youth included in their respective samples, which ranged from 31% to 67% male (the study by Miller and Hendrie 62 is excluded from this reported range because 98% of their sample was female).
Less than half of the studies (ie, 15) reported the percentage of individuals with documented prenatal alcohol exposure, which ranged from 8% to 100%.
The 2 countries with the highest reported prevalence of FAS among children and youth in child-care settings were Russia 54, 55 and Sweden, 58 71 (preadoption children from Romania, Ukraine, Moldova) and the United States 62 (adoptees from China) had a reported prevalence for FAS of 0 per 1000. As with FAS, the 2 countries with the highest reported prevalence of FASD among children and youth in child-care settings were Russia 47 and Sweden, 58 397 per 1000 (orphanage) and 521 per 1000 (adoptees from Eastern Europe), respectively, and 40 per 1000 was reported for Israel 45 (foster care and preadoption children) and the United States 64, 68 (adoptees from Eastern Europe).
It is important to note that in all instances in which the sample is made up of adoptees, the country in which the study was based was not the country of origin for the sample (ie, the children sampled were born in a different country and adopted into the country in which the study was conducted).
The prevalence of FAS and/or FASD also varied greatly depending on the childcare setting in which the study was based. The lowest FAS prevalence was observed among children in the child welfare system in the United States (5.3 per 1000), 61 whereas the highest FAS prevalence was reported among children residing in an orphanage for children with special needs in Russia (680 per 1000). 54, 55 Two studies reported 0 cases of FAS among their samples drawn from orphanages and foster care in Eastern Europe 71 and adoptees from China, 62 respectively. The prevalence of FASD was the lowest among foster and preadoption children in Israel 45 
The included studies used different methodsof case ascertainment.ACAwas used in 18 studies (55%), the passive method was used in 8 studies (24%), and a mixed-methods approach (both ACA and passive surveillance) was used in 7 studies (21%).
Of the studies that used an ACA approach (ie, those studies that used ACA solely, as well as those that used a mixed-methods approach), 10 studies [40] [41] [42] [49] [50] [51] 62, 64, [69] [70] [71] did not report the system used for diagnosing FAS and/or FASD. Of those studies that did report the diagnostic system used, 7 studies 44,54-56,59,60,66 used the 4-Digit Diagnostic Code, 24 2 studies 48, 58 used the IOM diagnostic criteria, 23 2 studies 47,68 used the CDC FAS Guidelines, 15 1 study 46 used the FASD Study Group criteria, 17 and 1 study 63 used the Smith' s Recognizable Patterns of Human Malformations. 27 One study 45 used a modified version of the IOM diagnostic criteria 23 in combination with a modified version of the Canadian Guidelines, 26 and 1 study 52 used a modified version of the 4-Digit Diagnostic Code 24 along with the FAS Screen. 29 Table 1 presents the data extracted from the examined studies.
Pooled Prevalence Meta-analysis
The pooled prevalence estimates of FAS and FASD among children and youth in various child-care settings by method of case ascertainment are presented in Table 2 (the estimates obtained from Legon'kova 54 and Pal'chik and Legon'kova 55 were excluded from the meta-analysis because no sample size or SE was provided and thus, the uncertainty of these estimates could not be ascertained).
The random effects analysis of the 16 studies that used an ACA methodology indicated an overall pooledprevalenceof 6.0% (60 per 1000; 95% CI: 38 to 85 per 1000) for FAS. Figure 2 depicts the Forest plot for the meta-analysis of the double arcsine-transformed prevalence of FAS with the studies presented in the order they appear in Table 1 . The boxes in the Forest plot represent the point estimate of the double arcsine-transformed prevalence from each study and the bars that extend from these estimates are the 95% CIs. In the Forest plot, the size of the box is proportional to the weight given to each study when the combined estimate (represented as a diamond) was calculated. Tests demonstrate that heterogeneity in these estimates was present (Q 15 = 305.99, P = .000; I 2 = 95.1%, P = .000) for the pooled analysis of double arcsine of FAS. The funnel plot (see Fig 3) of all FAS studies that used ACA (with the double arcsine-transformed prevalence plotted against the SE of the double arcsine-transformed prevalence estimates) formed random scatter plots; because random effects were present, the funnel plot could be used to determine if publication bias was present (because the assumption of a fixed effect was not proven). 72 Additionally, the Begg rank correlation test 35 (P = .685) and the Egger weighted regression test 36 (P = .401) both indicated that publication bias was not present; however, this finding may be due to studies exceeding the pseudo 95% CI (see funnel plot). The trim and fill analysis 37 indicated that a small study effect was not present and did not need to be adjusted for.
The pooled prevalence for FASD was 19.8% (198 per 1000; 95% CI: 135 to 270 per 1000) when the 10 studies that used an ACA methodology were summarized. Figure 4 depicts the Forest plot for the meta-analysis of the double arcsinetransformed prevalence estimates of FASD with the studies presented in the order they appear in Table 1 . Tests demonstrate that heterogeneity in these estimates was present (Q 9 = 216.58, P = .000; I 2 = 95.8%, P = .000) for the pooled analysis of double arcsine of FASD. The funnel plot (see Fig 5) of all FASD studies that used ACA formed a random scatter plots; because random effects were present, the funnel plot could be used to determine if publication bias was present (because the assumption of a fixed effect was not proven). 72 Additionally, the Begg rank correlation test 35 (P = .419) and the Egger weighted regression test 36 (P = .460) indicated that publication bias was not present; however, the trim and fill analysis indicated publication bias was present. When corrected for publication bias using a trim and fill method (using a random effects model), the prevalence of FASD was estimated to be 16.9% (169 per 1000; 95% CI: 109 to 238 per 1000). To be conservative, publication bias was corrected for.
The pooled prevalence for FAS was 3.3% (33 per 1000; 95% CI: 5 to 101 per 1000) and the pooled prevalence for FASD was 6.3% (63 per 1000; 95% CI: 15 to 136 per 1000) when a summary of the studies using passive surveillance was completed. The pooled analysis of the studies that used a mixed-methods approach to case ascertainment indicated a pooled prevalence of 5.1% (51 per 1000; 95% CI: 1 to 341 per 1000) for FAS and 7.2% (72 per 1000; 95% CI: 6 to 186 per 1000) for FASD. Publication bias was not observed for the prevalence of FAS or FASD when pooling the studies that used a passive surveillance approach or a mixed-methods approach.
The pooled analysis of all studies combined indicated a pooled prevalence 
DISCUSSION
This study revealed that the vast majority of existing studies report that the prevalence of FAS and FASD in child-care settings in various countries is extremely high. On the basis of the findings of studies using ACA, the prevalence of FAS in child-care settings (60 per 1000) was found to be ∼9 to 60 times higher than the prevalence of FAS in the general population of North America, for example, which is reported to range from 2 to 7 cases per 1000 individuals in the United States 20 and 1 per 1000 in Canada. 73 The pooled prevalence of FASD in childcare settings (169 per 1000, based on studies that used ACA), was found to be ∼17 to 19 times higher than the prevalence of FASD in the general population a Publication bias was statistically detected, and thus, to be conservative, this prevalence estimate was corrected for publication bias using a trim and fill method.
FIGURE 2
Forest plot of the 16 studies that reported the prevalence of children and youth with FAS in care of the various child-care settings using ACA. The size of the box around the point estimate is representative of the weight of the estimate used in calculating the aggregated point estimate. Weights are from random effects analysis.
of North America, which is reported to be 9 to 10 per 1000 individuals. 19, 74 It is important to note, however, that the prevalence obtained from orphanages for children with physical and mental delays in Russia was the highest among all studies (42.7%-68.0%) 54, 55 ; if it were feasible to include these 2 studies in the analysis of studies using a mixed-method approach, the estimated pooled FAS prevalence would be much higher.
This study is limited by the poor performance of the trim and fill method in instances in which there is substantial between-study heterogeneity. 75, 76 Additionally, the funnel plots assume that unequal bias and random effects are not present among the studies being examined. 
FIGURE 3
Funnel plot of the 16 studies that measured the prevalence of FAS using ACA methods used in the metaanalysis with pseudo 95% CIs.
FIGURE 4
Forest plot of the 10 studies that reported the prevalence of children and youth with FASD in care of the various child-care settings using ACA. The size of the box around the point estimate is representative of the weight of the estimate used in calculating the aggregated point estimate. Weights are from random effects analysis.
Given that ACA is recognized as the method from which a more rigorous and valid estimate of the prevalence of FAS and FASD would be obtained compared with passive and clinic-based methods, 19, 20 these estimates as determined by ACA have been highlighted here as the most important findings.
The observed differences in the prevalence reported among the various childcaresettings,aswellasbetween studies, are notable. Unfortunately, it cannot be definitively stated as to why these differences exist; however, it could be the result of the systems of care in each country. For instance, in the United Kingdom, when children become a ward of the state, they will be placed in foster care, yet if they display behavioral disorders, they will be placed in a group home. As such, one would expect to see more cases of FASD in the latter setting. Another possible reason for the observed differences is that they could be due to the diagnostic system (or combination of systems) used in each of the studies. Each diagnostic system is likely to affect the reported prevalence; the direction of this effect depends on the sensitivity and specificity of the diagnostic systems themselves.
Individuals housed under the guardianship of the wide range of child-care systems clearly constitute a population that is at high-risk for prenatal alcohol exposure and FASD. Screening for FASD in this high-risk population is necessary to facilitate early diagnosis. In general, early FASD diagnosis can improve the quality of life of children with FASD by facilitating timely interventions and reducing the odds of developing secondary disabilities (eg, school failure and dropout, mental health problems, addictions, trouble with the law, incarceration). 78, 79 Early diagnosis and providing an appropriate environment improves outcomes and decreases the risk for secondary disabilities by up to fourfold. 80 Specifically, in the context of child-care settings, early FASD diagnosis can (1) help establish appropriate placements, (2) allow foster/adoptive parents to be better prepared to meet their child' s needs and improve parenting by increasing their understanding of the deficits and behavioral problems displayed by individuals with FASD, (3) reduce the likelihood of multiple failed placements, and (4) increase awareness and understanding of both caregivers and caseworkers of the consequences of prenatal alcohol exposure. 60 FASD is not widely recognized by health care practitioners and, as such, is underdiagnosed. This has been attributed predominantly to a lack of training of health care practitioners; however, lack of time, as well as the idea that a diagnosis will not make a difference for the individual have also been noted as barriers to FASD diagnosis. 81 Efforts need to be made to increase the capacity of primary care pediatricians and physicians all over the world with regard to FASD recognition and diagnosis. This will not only raise awareness of FASD in general but will also raise awareness of the severe consequences of prenatal alcohol exposure and, it is hoped, prevent subsequent alcohol-exposed pregnancies.
Given that prenatal alcohol exposure increases an exposed child' s risk of chronic physical, developmental, behavioral, and/or emotional conditions, children and youth prenatally exposed to alcohol have special health care needs, and such needs place demands on the health care system that far exceed those of non-alcohol-exposed children. 78 Thus, continuous, lifelong developmental and behavioral surveillance of such prenatally alcoholexposed children and youth should be provided by their primary health care provider to facilitate their ongoing treatment and referral needs. 82 It is important to point out that having a known history of prenatal alcohol exposure can have a significant impact on whether a child is diagnosed with FASD (with the exception of FAS, which can be diagnosed without confirmation of prenatal alcohol exposure 26, 28, 83 ); this can pose a significant problem in the diagnosis of the current population of at-risk individuals because this information is commonly unavailable or unverifiable. With regard to the 
FIGURE 5
Funnel plot of the 10 studies that measured the prevalence of FASD using ACA used in the meta-analysis with pseudo 95% CIs. current study, the availability of the prenatal history can have a significant impact on reported prevalences, especially when case ascertainment is passive.
It should be noted that the findings of the current study are not generalizable to the general population of the respective countries because individuals housed under the guardianship of the wide range of child-care systems are at a higher risk of prenatal alcohol exposure and FASD.
